The search of large-gap quantum spin Hall (QSH) insulators and effective approaches to tune QSH states is important for both fundamental and practical interests. Based on first-principles calculations we find two-dimensional tin films are QSH insulators with sizable bulk gaps of 0.3 eV, sufficiently large for practical applications at room temperature. These QSH states can be effectively tuned by chemical functionalization and by external strain. The mechanism for the QSH effect in this system is band inversion at the Γ point, similar to the case of HgTe quantum well. With surface doping of magnetic elements, the quantum anomalous Hall effect could also be realized.
Red squares and blue circles mark topological and trivial insulators, respectively.
First-principles calculations based on density functional theory were performed by the Vienna ab initio simulation package [25] , using the projector-augmented-wave potential with 4d electrons of tin described as valence and the plane-wave basis with an energy cutoff of 500 eV. The exchange-correlation functional was treated using the Perdew-Burke-Ernzerhof [26] generalized-gradient approximation. The predicted topology was further verified by using the Heyd-Scuseria-Ernzerhof hybrid functional [27] . For tin films in QSH states, the two types of funcitonals predict essentially the same nontrivial bulk gaps, as these bulk gaps are opened by the spin-orbital coupling (SOC) effect. The SOC was included in the selfconsistent calculations of electronic structure.
Figures 1a and 1b show optimal geometries for stanene and decorated stanene, denoted as 2D Sn and 2D SnX, respectively. X represents the chemical functional group. A low-buckled configuration is found to be more stable for stanene [19] , in contrast to the planar geometry of graphene. This is related to the relatively weak π-π bonding between tin atoms. The buckling enhances the overlap between π and σ orbitals and stabilizes the system. The same mechanism also applies for silicene that shares a similar configuration. For decorated stanene structures (like stanane), they have a stable sp 3 configuration analogous to graphane, with the chemical functional groups alternating on both sides of the nanosheet in their most stable configuration (see Fig. 1b ). We further confirmed the stability of the 2D tin films by phonon calculations that show no imaginary frequency. Compared to stanane, in decorated stanene the Sn-Sn bond length slightly increases, the buckling of the tin nanosheet decreases, and the equilibrium lattice constant enhances as shown in Fig. 1c . Whereas the inversion symmetry holds for both types of systems.
The band structure of stanene is shown in Figure 2a . Two energy bands cross linearly at the K (and K ′ = −K) point without SOC; a band gap opens when the SOC is turned on. Thus stanene is a QSH insulator [28] , similar to graphene [10] . With the stronger SOC, stanene has a larger gap of 0.1 eV. Since the graphene analogue of lead (the heaviest element of group IV) is a metal, the value of 0.1 eV seems to be the largest nontrivial gap we could achieve for 2D group IV films. Such an upper limit, however, can be significantly broken through, as we will show.
Chemical functionalization of 2D materials is a powerful tool to create new materials with desirable features, as graphane [20] or fluorinated graphene [29] change, that is nontrivial to the topology [30] , is not observed for the graphene system due to the large energy gap at the Γ point.
To get a physical understanding on the topological nature, we start from atomic orbitals and consider the effect of chemical bonding and SOC on the energy levels at the Γ point for fluorinated stanene. This is schematically illustrated in two stages (I) and (II) in Fig. 3a .
States around the Fermi energy are mainly contributed by the atomic s and p x,y orbitals of Sn (5s 2 5p 2 ), whose p z orbital is saturated by F (2s 2 2p 5 ). Therefore, we focus on s and present system. Before turning on SOC, the p x and p y orbitals is degenerate due to the C 3 rotation symmetry, and the system is a zero-gap semiconductor. As the SOC effect is taken into account in stage (II), the degeneracy of the |p + x,y level is lifted, opening a full energy gap. This introduces a nontrivial insulating phase with an inverted order of |s − and |p + x,y . The mechanism is similar as for HgTe quantum well [5] , Heusler compounds [31, 32] and KHgSb [33] , which also have the so-called s-p-type band inversion [34] .
To illustrate the band inversion process explicitly, we present in Fig. 3b on MBE the synthesis of silicene [21] and possible formation of tin monolayer in graphene structure [23, 24] were reported. Moreover, the chemical functionalization may be achieved by exposure to atomic or molecular gases or by chemical reaction in solvents.
Next we discuss the possible role of a substrate, as the tin film in experiment is usually supported by a substrate. The interactions with a substrate, when weak without forming any chemical bond (for instance on a monolayer hexagonal boron nitride), have little effect on the electronic structure (including the band gap and topological order) of a decorated tin film. In contrast, the formation of chemical bonds with a substrate has a strong impact on the geometry and electronic structure of the tin film. In cases of the strong coupling, a decorated tin film keeps as a QSH insulator provided that its band structure has a band gap at the K point and also has a band inversion at the Γ point. Once the Sn's p z orbitals are fully saturated either by forming chemical bonds with the substrate or by chemical functionalization, a band gap opens at the K point. Then the system is topologically nontrivial provided that a band inversion occurs at the Γ point, which can be controlled effectively by strain as demonstrated in Fig. 3(b) . The scenario is confirmed by our calculations for iodinated stanene (2D SnI) on the clean CdTe(111)B (Te-terminated) surface. In this strongly coupled system, the nontrivial topological phase remains observable, although the band gap reduces (to around 0.1 eV). Our results indicate that it is feasible to observe the nontrivial topological phase in the decorated tin film on a substrate.
As one of potential applications, helical edge states, which appear at the phase boundary, can be embedded in stanene by using different chemical functional groups, as shown schematically in Fig. 5 . Since the atomic-scale control over the chemical functionalization is feasible nowadays, helical edge states can be patterned in a controlled way to be used as dissipationless conducting "wires" for electronic circuits. The proposal, if realized, could significantly lower the power consumption and heat generation rates of electronic devices, which is crucial for the development of modern integrated circuits. Furthermore, breaking the time-reversal symmetry of the QSH state can lead to the quantum anomalous Hall (QAH) state [3, [35] [36] [37] that is another novel quantum state supporting dissipationless conducting channels. The QAH state can be realized in tin films probably by surface doping of magnetic atoms or molecules, like Cr-doped Bi 2 (Se x Te 1−x ) 3 TI films [38] , which will be discussed in future work. 
